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PROCEEDTINGS

8:31 A.M.

CHAIRMAN RYAN: We will come to order,
please. This is the first day of the 183rd meeting of
the Advisory Committee on Nuclear Waste and Materials.

During today's meeting, the Committee will consider
the following:

(1) ACNW will have a working group
meeting on preclosure seismic analysis evaluation at
the proposed Yucca Mountain repository;

(2) GE-Hitachi Nuclear Energy Spent
Nuclear Fuel Recycling Processes.

Mike Lee 1s the Designated Federal
Official for today's session. Is he here? He's
coming. Okay.

We have received no public comments or
requests for time to make oral statements from members
of the public regarding today's session. Should
anyone wish to address the Committee, please make your
wishes known to one of the Committee staff.

It is requested the speakers use one of
the microphones, identify themselves, and speak with
sufficient clarity and volume so they can be readily

heard.
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It is also requested that if you have cell
phones or pagers that you kindly turn them off.

Feedback forms are available at the back
of the room for anyone who would like to provide us
with their comments regarding this meeting.

Without further ado, I'll turn this
session over to our leader for this session, Professor
Hinze.

MEMBER HINZE: Thank you very much, Dr.
Ryan. This morning and early afternoon we will be
involved in a working group meeting on preclosure
seismic analysis evaluation at the proposed Yucca
Mountain repository.

The purpose of the working group meeting
is to receive briefings and to develop discussion that
will aid the Committee in understanding the regulatory
framework and the associated acceptance criteria to be
used by the staff in their analysis of preclosure
seismic hazards at the proposed repository. This is
needed because of the mandatory use of new procedures
as prescribed in 10 CFR 63 based upon risk-informed
and performance-based approach.

Secondly, there are the concerns regarding

the relative stringency of these methods as used at
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Yucca Mountain as proposed for use at Yucca Mountain
in comparison to those used in seismic hazard analysis
at other nuclear facilities.

The NRC in September of '06 prescribed
procedures that will be used for their evaluation of
the license application and their Interim Staff
Guidance 01.

You will remember that in November of last
year 2006, the NRC staff made a presentation to the
Committee on this topic and specifically described the
Interim Staff Guidance and the procedures that they
used to develop it.

We learned in the ensuing discussion that
there were concerns of the nuclear power industry with
the guidance. As a result, the Committee invited the
Nuclear Energy Institute and the Electric Power
Research Institute in December '06 to present their
views on the Interim Staff Guidance. And there was
considerable discussion that followed that
presentation and those public transcripts are
available.

Subsequent to those meetings there has
been continuing discussion on this issue among the

NRC, the nuclear power industry, and DOE. In
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addition, Brookhaven Lab has completed a review of the
American Society of Civil Engineers consensus standard
on seismic hazard analysis at nuclear facilities and
as a result of these additional communications, we
have further information available, and thus the
working group meeting should be helpful to the
Committee and hopefully to others as well.

There are commonalities between the
staff's guidance and the 2005 consensus standard of
the American Society of Civil Engineers and we need to
bring this out and we also are very much interested in
learning from Dr. Stamatakos about the use of that
standard at the Savannah River MOX facility study of
seismic hazards and see what lessons we can learn from
the application of the standard to that facility.

I should say to the presenters that
sometimes the seismic terminology becomes rather
abstract and is not commonly known, perhaps to the
Committee as well, and there are a number of acronyms
that we throw around rather liberally. So in your
presentations I would hope that you would make certain
that have a clear definition of all of our acronyms
and our specialized nomenclature.

Also, I'm told by Mike Lee that the titles
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of the presentations that are in your agenda may not
be consistent with those of the presenters and so
please be alert to any changes in the titles.

To assist the Committee in its review of
this topic, we have seated at the Committee table two
invited experts that are well known, I think to
essentially everyone in the room, Dr. Andrew Murphy,
and Dr. Leon Reiter.

I'm going to briefly give a bio on them.
I using the precis of the brief precis, but I want to
make certain that we do have in the record that these
gentlemen are well qualified to help us in this
regard.

First, Dr. Murphy has been with the NRC's
Office of Nuclear Regulatory Research since 1979,
serving first as a research seismologist and later as
branch chief. During that time. Dr. Murphy has worked
on or been responsible for several of the regulatory
products associated with the evaluation seismicity at
NRC licensed facilities. Among these projects are the
development of the Regulatory Guides 1.165 on
reference probability and 1.208 on performance-based
seismic siting for nuclear power plants.

Dr. Murphy serves currently as chairman of
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the NRC seismic issues technical advisory group and
the chairman of the Nuclear Energy Agency's seismic
group.

Dr. Reiter has over 30 -- that probably
should be 50 --

(Laughter.)

-- sorry. Thirty vyears' experience in
issues related to earthquake hazards. He has served
in senior level technical positions at NRC from '76 to
'90, and subsequently until 2006 with the Nuclear
Waste Technical Review Board of the DOE. While at
NRC, he was involved in the analysis and review of
seismic hazards at nuclear facilities in most of the
states and provided assistance to eight foreign
countries.

Dr. Reiter has had the lead technical
responsibility for the application of state-of-the-art
methods to regulatory problems such as probabilistic
seismic hazard analysis, numerical ground motion
modeling, etcetera. Dr. Reiter is the author of the

well-used and respected book, Earthquake Hazard

Analysis, Issues and Insights.

With that, we -- unless there are

questions by the Committee, we will move ahead to our
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first speaker who is our very own Mike Lee. Mike has
been with the Committee with staff since 2001. He has
degrees in geology as well as civil engineering and
has been actively engaged in preparing an overview of
the history of the development of seismic regulations
in the Commission. And Mike will be presenting an
overview of that for us this morning which forms the
basis of further discussion. This is in draft form,
as I believe Mike will explain and we are interested
in comments and suggestions on how this can be
improved and it hopefully will be of use, not only to
the Committee, but to others as well.

With that, I'll turn it over to you, Mike,
if you would, please.

Incidentally, there should be handouts on
all of the talks -- that's a question. And so if you
don't have one, raise your hand or go to the back of
the room and they'll be back there.

Please, Mike.

MR. LEE: TI've got all of my tools, so I'm
ready to go.

Ag Dr. Hinze pointed out -- I'm not going
to repeat Dr. Hinze's introductory remarks, but I

think one of the -- I think it's fair to say that a
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number of questions have come up recently in terms of
what does NRC require of its licensees in the area of
seismic design. In looking at that question, there's
another question that could be derived, how does the
staff arrive at its decision making. And then last,
how does NRC's performance compare with the other
regulatory frameworks, 1f vyou will, that exist
throughout the Agency for the licensing of nuclear
facilities?

To get some answers, we thought it might
be useful to look at the literature, going back to
first principles. We examined public sources of
information. Our review included, but was not limited
as a first step the NRC regulations themselves, then
walking backwards, the state of the considerations

that appear in Fedreal Register. There's usually a

draft and final rule and as everyone knows, there's a
lot of information in the background information, if

you will that goes to the Fedreal Register.

We looked at review plans, regulatory
guidance, staff positions, SECY papers, Technical
Assistance Reports that were prepared in support of
some rulemakings and other regulatory products, as

well as the scientific journals.
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What we found is that NRC's seismic
criteria vary. They vary by the type of facility that
you're looking as well as the prevailing regulatory
framework in place at the time the regulation was
developed.

There are a number of reasons, I think
it's fair to say why these regulations wvary, the
criteria vary. There's been, of course, an evolution
in earthquake engineering science and technology.

There's also differences in the type of
facility that you're trying to license; the hazard
varies at different types of facilities. 1It's not a
consistent hazard, if you will.

In looking at different types of
facilities, it became clear that you could organize
them by these subject areas. You have facility types.

You have regulations that correspond to the facility
types. And then there's a seismic event of regulatory
interest. And this i1s my language. It's not a
regulatory definition, but if you go back to the
regulations, vyou'll find that earthquakes are
described in a variety of different ways. I'll just
pick them apart, Part 60, even though it's not in

effect any more for Yucca Mountain, it came up in the
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context of potentially adverse conditions. When Part
60 was revised to be site-specific, it Dbecame a
feature of that process.

In the context of nuclear power plants,
generally it's the maximum historic earthquake is what
the regulations are asking the licensees to examine.
Geologic or seismological characteristics and so on.
So vyou have different types of vernaculars or
nomenclature, if you will, that describe a seismic
event.

When you look at -- when you go one level
below the definition, you look at the criteria, you
can -- there's a couple of things being asked for,
typically by the regulations. You have a
specification of some kind of design earthquake and a
minimum ground acceleration.

For nuclear power plants, repository,
there's two levels or two tiers, if you will. In the
case of the nuclear power plants, you have two sets of
regulations, one governing existing regulations, one
for future regulations. For the repository, of
course, there was the pre- site-specific regulation
and then we know how Yucca Mountain specific

regulations. If you go into the literature, you'll
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find these numbers, I believe.

So what are our next steps? Well, the
next step as Dr. Hinze pointed out is we're pulling
together a report. We intend to issue it as a
background paper and have attempted to focus on the
facts and the history without getting into any
editorializing or vreviews of whether staff or
management should have turned left or right when it
came to a decision point. This background document,
if you will, is intended as a literature review and
doing so it provides a management tool supporting the
Agency's goal of knowledge management.

Because we're just reporting the facts
without any real interpretation, we don't consider
this to be a legal or regulatory decision making type
of document, so in that regard, we don't think it has
any -- it will have any legal or regulatory standing.

The time table for this review, once the
basic writing is complete and we intend to coordinate
internally with the wvarious program offices to make
sure we've got our facts correct, we hope to issue it
as a draft report in the November-December time frame.

At that time, we'll see if the focus is an external

peer review. We already have a limited internal peer
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review undergoing right now. And then we'll issue it
as a final NUREG.

This slide is just to give you an idea of
what -- how the information is kind of laid out in
terms of the history, if you will. One of the
comments I've gotten is you should probably include a
time line in this report and I think, I know we're
going to do that, but in thinking about it, I don't
know if the time line is the right way to kind of
organize this information or more like an event tree.

Because if you look at the 1literature, there's
certain key events that are kind of driving the train.
Cornell's paper in '68, the TUSGS' assessment,
reassessment, if you will, the Charleston earthquake
in the late '70s, early '80s and the work that the
Survey was doing independently of regulatory licensing
and NRC; the experimentation, if you will, with expert
judgment by the RAND Corporation. If you begin to
kind of connect these dots, you have things just don't
happen and I think it might be considered a series
type of arrangement. Things are kind of -- looked
like an event tree or fish bone type of arrangement.

So we tried to organize the information,

if you will, from the literature sequentially, but
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we're going to, of course, put in these diagrams to
kind of show how all the dots connect. We have a
series of appendices. One of these, I think, I'm
going to drop which is appendix B which is a
discussion of the Mercali and Richter Scales. I think
we' really need to do that. That's one of the review
comments I got. But one of the comments I did get was
a need to focus more on the evolution of NRC's Yucca
Mountain program and the history of the seismic
activity that took place there. It's addressed in the
body of the text. One of the comments, as I
said Dbefore, there is always a need or a
recommendation to kind of expand that review and I
intend to do that.

I don't know. That's about it. We looked
at the literature and a lot of what you're going to
hear today, I think, is covered by our report. When
it becomes available, if -- we'll post it on the
website. If you've got a real interest in looking at
it, leave me your card today before you leave, and
I'll make sure that you get a copy once it is
available.

That's about all I have. Questions?

MEMBER HINZE: Thanks very much, Mike.
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Does the Committee have any questions or I
should say suggestions. You've seen the very
preliminary draft of this. Do vyou have any
recommendations that you wish to make now or give to
Mike at a later date because we do want to close this
out in the near term.

MR. LEE: Right. I should just also add if
you read the low-level waste white paper on the
history of low-level waste regulation, the tenor and
the level of writing is similar to that. It just, as
I said before, we're just presenting the facts without
any real spin, if you will.

CHATRMAN RYAN: It sounds good to me.

MEMBER HINZE: Do either of you gentlemen
-- have you had a chance to look at it and will you be
sending reviews to Mi.e?

MR. MURPHY: I definitely had a chance to
read it and have made some comments on it at this
stage which I will send to Mike shortly.

MEMBER HINZE: Great.

MR. REITER: I also looked at an earlier
version and I assume there's another version.

MEMBER HINZE: TUnless there are further

guestions, thanks very much, Mike. And we look
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forward to this coming to fruition.

With that, even though we're ahead of
time, I would like to suggest that we move ahead and
the next speaker 1is Goutam Bagchi, who will be
discussing current seismic design requirements for
nuclear power plants.

Mr. Bagchi 1s Senior Advisor in the
Division of Site and Environmental Evaluations, Office
of New Reactors at the Commission. He has been
involved in the design construction and inspection of
numerous nuclear power plant structures and systems
and components, the SSC, for over 40 years. He has
been involved with a number of NRC initiatives on
seismic design criteria and regulatory guidance,
operating license design certification and the early
site permit reviews.

Mr. Bagchi has a master's degree in
Mechanical Engineering and Structural Engineering and
is a Fellow of the ASCE.

Mr. Bagchi, we're pleased to have you here
and we're anxious to hear what you have to say and we
have your handout and the floor is yours, please.

MR. BAGCHI: Good morning, everyone. As

Dr. Hinze pointed out, I am going to talk about the
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design criteria for new reactors, those that were
docketed after January 10, 1997.

This is the outline of my presentation.
Since the design process includes consideration of
both the demand and the capacity, I have included a
very brief discussion of the process of arriving at
the capacity which is part of the design.

For the current seismic requirements, the
regulatory criteria in 10 CFR Part 100.23, geologic
and seismic siting criteria. Obviously, these are
obviously site-specific. And 10 CFR 552 Subpart B is
the standard design certification. Subpart A is early
site permit. And I wanted to emphasize the aspect of
the standard design which requires high 1level of
generic design factor because the vendors want to
produce a design that could be sited on multiple
sites.

Both the hazard-based and performance-
based approach are acceptable for the assessment of
site-specific seismic loads. Probabilistic seismic
hazard analysis forms the backbone of both approaches
and I will describe the regulatory guidance associated
with the two approaches in the next slide, the next

two slides.
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PSHA which is probabilistic seismic hazard
analysis, it characterizes the hazard for hard drop
condition or a shear-away velocity of 2.8 kilometers
per second. However, site condition for layers of
material overlying the hard material are frequently
softer. Consequently, site response analysis is an
important part of the characterization of ground
motion at the free surface in the free field.

The reference probability-based seismic
load is discussed in Regulatory Guide 1.165 and it is
a hazard-based approach as pointed out on the slide.
And this approach was based on the recognition that
average of seismic hazard, a diverse set of reactor
sites should be satisfactory for seismic hazard
characterization at future locations.

Let me show that in the next slide. This
is out of the Reg. Guide 1.165. On the horizontal
axis it shows the probability of exceedence and on the
vertical axis it shows the cumulative distribution.
So it's an average of the demand for the sites at the
time.

This 1is the other part of currently
acceptable criteria. It is in Regulatory Guide 1.208.

This was published in March 2007. It is based on the
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performance-based approach described in the American
Society of Civil Engineers standard 43-05 that Dr.
Hinze pointed out.

I want to emphasize that this adoption of
the American Society of Civil Engineers standard is
only with respect to the seismic demand, seismic load
and the capacity determination as incorporated in ASCE
43-05 is not part of this endorsement by the NRC.

Brookhaven National Lab did a complete, as
Dr. Hinze pointed out, a complete review of ASCE 43-05
that includes the load and the capacity determination
and so forth. Except for the load, nothing is adopted
by the NRC for the purpose of seismic design for
nuclear power plants.

And in this performance-based approach,
the probabilistic hazard for both 10’ and to 10" mean
are used to arrive at the design response factor and
it ensures that the resulting design spectrum is risk
consistent from side to side and covers frequency
ranges for safety-related structures, systems and
components.

Performance standard achieved 1s the
frequency of exceeding an essentially elastic response

at 10° per year mean.
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This is a brief discussion of the relative
conservatism of the capacity determination aspect of
it. For example, the analysis model is damping values
which are conservative. Earthquake time histories
that envelope the response spectra which is frequently
higher than the design response spectrum. Lowers the
concurrent from accident conditions, pressures,
temperatures, etcetera. Actual sizes are frequently
greater than those required by allowable acceptance
criteria provided by the industry codes and standards
that are endorsed by the NRC guidelines in the
Standard Review Plan. And these are all conservative
acceptance criteria and overall response is
essentially elastic.

NUREG-0800 which is the Standard Review
Plan, was updated in March 2007 to recognize changes
in design practices, industry codes and standards,
etcetera. It provides guidance as stated in this
slide. Based on lessons learned from the site permit
application reviews, early site permit application
reviews, staff recognized that in the sites in the
Eastern and Central U.S. especially at MOX sites, the
response spectra in the high frequency range tend to

be high. The updated Standard Review Plan
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supplemented by interim staff guidance has provided a
framework for considering the realistic effects of
ground motion on structures with large footprints.

The point to make here is that the NRC
criteria for capacity calculations are a little more
conservative than those in the ASCE 43-05.

Seismic margin criteria came from a SECY
document, SECY 93-087. The staff had proposed that
there be a margin of about two times the safe shutdown
earthquake, but the staff requirements reduced it to
1.67. So that is required as a seismic margin for the
completed design of any new reactors that are now
going to be licensed.

And this margin 1s Dbased on high
confidence, low probability of failure and this is
roughly approximated to one percent failure
probability.

So performance-based seismic is Regulatory
Guide 1.208 and the seismic margin of 1.67, the mean
seismic core damage frequencies are estimated to be
between 5 times 10° and 1 times 10° per year. And
the seismic core damage frequency for new plants with
standard design which I described earlier with

response factor, any response factor higher than most
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of the site events are going to be lower.

That's the end of my presentation and I
can try to respond to questions.

MEMBER HINZE: Thank you very much. We
appreciate it.

Mr. Croff?

VICE CHAIRMAN CROFF: I will try. 1In your
slide four, you mention reference probability-based
and performance-based and there's two different
probability wvalues associated with those. Is it
correct that the use of the probabilities is the same.

The only difference 1s how vyou get to the
probabilities, how you derive them, but once you have
the probability the path forward to show compliance is
the same in either case?

MR. BAGCHI: The reference probability is
mean annual probability -- I'm sorry, median annual
probability and even at that time it was noted that it
would be calculated to the power minus 14 per year.
So they're roughly different, there was more
correspondence with existing reactor SSEs. So the
median value was adopted as a reference probability in
Reg. Guide 1.165.

VICE CHAIRMAN CROFF: But once you get
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that probability, the path forward and analysis and
the evaluation is the same?

MR. BAGCHI: The capacity determination is
the same and the analysis is the same.

VICE CHAIRMAN CROFF: Okay.

MR. BAGCHI: But we did 1learn a few
lessons from doing the early site permit reviews and
it turned out that based on recent attenuation
relations, in some cases, new information related to
the seismicity of distant earthquakes 1like the
Charleston and --

VICE CHAIRMAN CROFF: Madrid.

MR. BAGCHI: And Madrid, the response
factor demand, the demand in seismic demand for 10°
would be higher, more conservative.

VICE CHAIRMAN CROFF: Okay, moving on to
your slide eight, and speaking of conservatisms, I was
a little bit unclear. You list a number of items
here. 1Is this list areas where you believe there is
conservatism in the modeling and analysis?

MR. BAGCHI: I believe so. I have done
analysis myself.

VICE CHAIRMAN CROFF: And I understood you

to say that these analyses are probabilistic?
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MR. BAGCHI: No. These are completely
deterministic. Top of the slide it says
deterministic.

VICE CHAIRMAN CROFF: Okay. Maybe I'm a
bit confused. I thought earlier in the talk you said
that these analyses were -- in either case were done
with PRAs, maybe I missed a step here.

MR. BAGCHTI: No. It was done by
probabilistic seismic hazard analysis. That forms the
backbone of both approaches. So you start with PSHA.

Develop the demand. Once the demand is determined,
the design and analysis of structure systems and
components are completely deterministic that follow
the Standard Review Plan, NREG-0800.

VICE CHAIRMAN CROFF: Okay. I understand
that now.

Finally, you mention the ASCE standard and
that the NRC just adopted certain aspects of it. Why
not the whole thing?

MR. BAGCHI: It has to do what Standard
Review Plan has adopted the regulatory guides with
respect to demand, just like lower than ASCE. ASCE
43-05 allows some aspects of ductility that is not

considered in the Standard Review Plan. And in order
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not to make a wholesale change at this point, staff
did not endorse that portion of it.

VICE CHAIRMAN CROFF: Okay. Thanks.

MEMBER HINZE: Dr. Ryan?

CHAIRMAN RYAN: Thanks, Bill.

MEMBER CLARKE: No questions.

MEMBER WEINER: No guestions.

MEMBER HINZE: Andy?

MR. MURPHY: No qguestions.

MEMBER HINZE: Good enough.

MR. MURPHY: We have gone through a whole
lot of this, I'll say previously within the SITAG
program, talking at wvarious aspects of this process
which is where we developed Reg. Guide 208 and I think
Goutam has done a good job of summarizing the various
aspects of it.

I don't think we have any further
questions on some of the details at this stage.

MEMBER HINZE: Leon?

MR. REITER: Goutam, go back to slide
four, and I'm just trying to straighten things out in
my own mind. You talk about this reference
probability base and performance base. I'm just

thinking about the Yucca Mountain criteria, they may
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have a different definition of performance base, if I
understand it. But anyway, how is -- the last line,
how is the mean annual frequency exceeding earthqguake
load 10°, how is that performance based? I'm not sure
I understand that.

MR. BAGCHI: It is based on PSHA. In
Regulatory Guide 1.208 describes that. We use both
the 10° and 10°. There are some aspect ratio that are
determined from the two curves in order to ensure that
from site to site variabilities are considered in that
10" frequency. It is to ensure performance of 10°
frequency of significant, exceedence of significant --

MR. REITER: So the performance-based part
is not -- is in what I guess is 10° chance of
exceeding the frequency, the onset of significant and
elastic deformation. That's the target.

MR. BAGCHI: That's the target of
performance.

MR. REITER: So was generically determined
that the 10" mean would be equivalent to that?

MR. BAGCHI: It would assure that and as I

indicated in my previous slide, it would also -- on
which slide, let me see. It does two things. Two
things, seismic demand and structural capacity
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evaluation criteria 1laid out by the NRC Standard
Review Plan ensure that conservatism to reasonably
ensure conservatism to reasonably achieve both the
following, less than one percent probability of an
unacceptable performance, and less than ten percent
probability of an unacceptable performance from ground
motion equal to 150 percent of the site-specific
response spectrum.

So this is because they both considered
both 10° as well as 10" to derive the design factors
and so forth.

MR. REITER: Okay, I'm just trying to
straighten myself and maybe when we talk hear about it
from the NMSS people. There, if I -- and I'm just
trying to jump ahead and correct me if I'm wrong.
There, the focus is on performance. And essentially
somebody said they're not really interested in design
load. They're interested in meeting the performance
criteria. And I want to make sure --

MR. BAGCHI: The sequence probability.

MR. REITER: Sorry?

MR. BAGCHI: Based on sequence.

MR. REITER: I want to know, I'm trying to

determine if there's a difference between what you're
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proposing here and what they're doing and that's what
I'm after.

MR. BAGCHI: The slides that are going to
be presented by Dr. Robert Kennedy was not available
here today, but he you know shows hopefully --

MEMBER HINZE: Let me explain. I should
have explained this in my opening remarks. Dr.
Kennedy has been kind enough to send to the Committee
electronic versions of a manuscript on the use of
performance-based acceptance criteria in future
nuclear plants. In addition, he has provided to the
Committee a set of slides that he had hoped to present
here and because of various administrative problems
has not been able to do that.

So those slides are available to the
Committee and I'm sure to everyone else. The email
that Mike, Leon, and I received from Bob said that we
could use those in any way that we wished and so we'll
hopefully be able to say a few -- Andy, you got a copy
of those too. Hopefully, we'll be able to say --

MR. BAGCHI: I should stay away from
answering any further questions on similarity with
Yucca Mountain's --

MR. SHAH: May I add -- may I respond to
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your comment?

MEMBER HINZE: Please.

MR. SHAH: I'm going to address this issue
in my slides. However, I'd like to make clear that
Part 50 and Part 52, design basis is deterministic
based on designing individual SSEs which are important
to safety or safe category one, safety-related
components.

The spectra, the difference between Reg.
Guide 1.165 and 1.208 is how you select that design
basis spectra. 1.208 is based on adjusting the hazard
spectra to make it risk consistent based on where it
is located. So the slope of the curve is taken into
account so that you get that performance criteria at
all frequencies of 10° per year, like frequency of
onset of any elastic defor